Summary
Consumer expenditure is the dominant component of aggregate demand, and as such, understanding consumption plays a central role in understanding the behaviour of the macroeconomy. That requires a good understanding of how households form their consumption plans. The most in uential way of thinking about how households do that is through the life-cycle model. That is based on the idea that households are forward looking and wish to avoid changes in the satisfaction they get from consumption during their lives. In that way, households smooth their consumption.
It has long been recognised that some households may not smooth their consumption to the full extent implied by the life-cycle model. The rst aim of this paper is to estimate what percentage of households in the United Kingdom do not smooth their consumption in such a manner. Among other things, that is important for understanding how households will adjust their spending in reaction to shocks that affect their income.
In recent years there has been increasing interest in the role of housing and its relationship with consumption. On several occasions in the past, consumption and house prices have moved together. But Monetary Policy Committee discussions have noted that the reduced-form relationship between consumption and house prices has recently appeared weaker than in earlier periods.
There are various channels through which house prices can in uence consumption, notably the so-called collateral channel, and common determinants of both housing demand and consumption.
One view has it that house prices are an asset price for an essential commodity, shelter, and that they merely re ect macroeconomic conditions with no special role of their own. But on another view, there is an important causal effect of housing in providing collateral. That allows credit to be obtained on more favourable terms and supports consumption. That role may be particularly strong, or only exist at all, for those that might otherwise have been constrained by the availability of credit. Among other things, this collateral channel could amplify the effects of monetary policy on the economy. However, there is little evidence on whether housing equity ful ls this role and how it affects households' consumption plans. A further aim of this paper is to use microdata to confront the implication of the collateral hypothesis that housing capital gains should affect those that are liquidity constrained differently from those that are not liquidity constrained.
If households smooth consumption as the life-cycle model implies, then current consumption plans should not react to past news about income: that should already be incorporated into households' consumption plans. In this paper, we explicitly model the likelihood that a household's behaviour falls into one of two`regimes' according to whether the household displays excess sensitivity' to recent income news or not (ie, whether it fails to smooth consumption). We nd that around 20%-40% of households display excess sensitivity. These households are liquidity constrained or saving for other precautionary reasons. The former are households who would like to borrow to smooth consumption but cannot, or face a relatively high interest rate which puts them off borrowing. The latter are those who are reluctant to borrow because of the risks of large amounts of debt when future income or expenses are uncertain. They can be said to have a`self-imposed' liquidity constraint and instead want to accumulate their buffer of assets.
We nd that households are more likely to fall into either group if they are without liquid assets, have negative home equity, are young, unmarried, non-white or are degree-educated.
Regarding the collateral channel, in addition to the effect of negative home equity in in uencing the likelihood of being liquidity constrained, we also nd evidence for the effect referred to above, that housing capital gains affect the consumption of those that are more likely to be liquidity constrained. That is direct evidence in support of the existence of a collateral channel.
Introduction
How well do households smooth consumption over their life cycle? What determines the likelihood that a household fails to consumption smooth? And, what percentage of households does that apply to? Does a departure from consumption smoothing re ect the existence of credit market imperfections? These long-standing questions, as they apply in the United Kingdom, are among those we address in this paper.
In recent years there has been increasing interest in the role of housing and its relationship with consumption. One view of house prices is that they are an asset price for an essential commodity, shelter, and that they merely re ect macroeconomic conditions with no special role of their own.
But on another view, there is an important causal effect of housing in providing collateral which allows credit to be obtained on more favourable terms and supports consumption. That role may be particularly strong, or only exist at all, for those that might otherwise have been constrained by the availability of credit. The collateral channel can be understood as relaxing a liquidity constraint directly or as providing equity that can be extracted at some point in the future, which will also affect current consumption plans. Among other things, this collateral channel could amplify the effects of monetary policy on the economy (Iacoviello (2005) ; Aoki et al (2004) ).
However, there is little evidence on whether housing equity ful ls this role as collateral and how it affects households' consumption plans. Confronting the collateral hypothesis with microdata for the rst time is a further aim of this paper.
Our paper makes the following contributions. First, we revisit the issue of excess sensitivity of consumption plans to income, but for a sample of UK households. While most previous studies have been for the United States, the use of household-level data also responds to the suggestion that aggregation biases may have corrupted previous tests of excess sensitivity (Attanasio and Weber (1993) ). Second, and more substantively, we model explicitly the likelihood that a household's behaviour falls into one of two`regimes' which are, ex ante, unknown. Our results are such that we can interpret this as the probability that a household's consumption displays excess sensitivity. There are only a small number of studies that have attempted to model that propensity. Third, we explore for the rst time using microdata the role of housing in facilitating consumption smoothing and the existence of the collateral channel. Most notably, that involves looking at the effect of housing equity on the likelihood of excess sensitivity as well as through a direct effect on consumption -where the latter effect on consumption distinguishes between constrained and unconstrained households.
The remainder of the paper is organised as follows. Section 2 reviews the economic background in terms of the permanent income hypothesis and tests of excess sensitivity. Section 3 describes our switching regression estimation strategy, presents the household data from the British Household Panel Survey and discusses the estimation results. Section 4 concludes.
Economic background

Theoretical background
The basic Euler equation gives the equilibrium condition for maximising lifetime utility subject to the intertemporal budget constraint. Under standard assumptions associated with the permanent income hypothesis and rational expectations, including the absence of liquidity constraints and time separability, this can be stated as:
where r is the interest rate, is the discount factor and u 0 .c t / is the marginal utility from consumption, c, in period t. E t is the expectations operator, conditional on information at t. Hall (1978) assumed that utility was quadratic and that the rate of interest was equal to the discount rate and derived the random walk result that 1c tC1 is white noise. Assuming utility takes the constant relative risk aversion form, u.c/ D
where > 0 and denotes the coef cient of relative risk aversion, the following Euler equation can be derived as a rst-order approximation (see, eg, Carroll (2001a) ):
where is the discount rate (ie, D 1=.1 C /) and tC1 is iid and uncorrelated with any variable known at t. Equation (2) shows that the coef cient on the interest rate term in a consumption growth equation should, in principle, give an estimate of the intertemporal elasticity of substitution, ; as D 1 . Crucially, current or lagged income (and income growth) are absent from equation (2). All past and predictable information is incorporated in current consumption so that no lagged information can provide additional explanatory power in accounting for variations in future consumption. Tests of excess sensitivity have proceeded by estimating the following equation.
where y is household income. A number of other control variables might be added to equation (3) but the key hypothesis is H 0 : D 0 under the permanent income model and rational expectations.
In many studies (eg, Hall (1978) ; Zeldes (1989) ; Jappelli et al (1998)) the (log) level of income is used. Attanasio and Weber (1993) use the growth in income.
(1) The income term can be considered as predictable income or income growth in t or t C 1, using instruments dated t 1 or earlier.
Liquidity constraints have generally been emphasised as the most likely source of any excess sensitivity. Carroll and Kimball (2005) and Carroll (2001b) emphasise the observational equivalence between a model of liquidity constraints (given income uncertainty) and a standard model of precautionary saving owing to income uncertainty. In fact, both of these types of models can be thought of as generating precautionary saving. In the liquidity constraints model that arises because the possibility that a liquidity constraint may bind in the future restricts the household's ability to respond to any shock and this raises the expected value of holding precautionary assets.
A role for housing is explored by Iacoviello (2004) by distinguishing between constrained and unconstrained households with the Euler equation (2) holding for unconstrained households, for whom D 0.
(2) The Euler equation for a second group is constrained by a borrowing constraint that limits borrowing capacity by the household's home equity. The consumption of these constrained households, as well as being sensitive to household income, should also be in uenced by housing equity. An increase in housing equity for these households allows them to borrow more and bring forward consumption.
Empirical evidence
Following Hall's (1978) estimates of an aggregate Euler equation for the United States -which found no evidence that consumption growth was correlated with lagged levels of income -
(1) Several studies also include an interest rate term in (3). In household-level studies, since interest rates are essentially constant across the population this is subsumed into a set of time effects. Using variation in marginal tax rates as a source of variation in r is unlikely to provide reliable estimates of : (2) Of course this involves adding a housing services term into the household utility function and a second optimality condition for the demand for housing. Iacoviello's (2004) model does not allow for income uncertainty and so does not give rise to precautionary saving. subsequent studies generally contested that conclusion, but with some notable exceptions. Hall and Mishkin (1982) found evidence of excess sensitivity using household-level US data.
(4) An in uential study was that by Zeldes (1989) who found that consumption growth was negatively related to lagged income for households with low wealth to income ratios. This was interpreted as evidence that such households faced borrowing constraints which impeded their ability to smooth consumption.
In the context of studying such liquidity constraints, some studies have employed an indicator for whether the household has been denied credit or believes they would be denied credit. Jappelli (1990) estimated the likelihood for having been denied credit to be higher for the young, the less wealthy and non-whites. Garcia et al (1997) modelled consumption as well as a probability of being constrained using a switching regression technique and found a similar pattern of results.
Two studies that did not nd general evidence of liquidity constraints using household-level data are Blundell et al (1994) and Meghir and Weber (1996) . The former found that controlling for changes in household demographics and labour market status removes the sensitivity of consumption growth to income. Meghir and Weber (1996) also found little evidence for liquidity constraints, except among young households.
The role of housing in these studies has been largely unexplored. That is despite the fact that the link between house prices and consumption has been the subject of considerable debate.
Exceptionally, Hurst and Stafford (2004) examined home equity release. They found that households with a low level of liquid assets that experienced a negative income shock (ie, suffered unemployment) were more likely to re nance, which is consistent with consumption smoothing.
(3) See Flavin (1981) , who termed the nding`excess sensitivity', and Campbell and Mankiw (1989) , for studies using aggregate data. Attanasio and Weber (1993) highlighted the potential importance of aggregation bias in such aggregate studies. (4) Their results suggested a negative relation between consumption growth and lagged income growth. That applied to a minority of households that together accounted for around 20% of consumption in the United States.
(5) Note that this is a measure of credit rationing, rather than the broader notion of a liquidity constraint, where credit may be available but at a higher interest rate. It is also backward looking. Zeldes's (1989) study essentially assumed that this propensity can be adequately proxied solely by whether the household had liquid assets of at least two months' income.
They suggested that the use of home equity as a buffer has been overlooked; this is surprising, given the importance of housing in the household balance sheet. It is true, however, that it is generally more expensive to extract home equity than withdraw liquid savings. We assess whether homeownership and equity are positively related to consumption-smoothing behaviour (less excess sensitivity) as the collateral hypothesis predicts.
Another useful study for our purposes is by Iacoviello (2004) which also focused on the collateral role of housing. An aggregated Euler equation across constrained and unconstrained households is derived where constrained (borrower) households must borrow against housing equity. In addition to increasing the likelihood of being in the unconstrained regime, for those in that regime consumption responds to housing equity, but housing equity should not in uence the consumption of the unconstrained households. When an aggregate Euler for the United States is estimated, there is a role for house prices. The aggregate estimation could not distinguish directly between the consumption of constrained and unconstrained households and the suggested different role for housing in the case of each. We are able to address that issue directly below.
House price rises may in uence consumption because, in giving rise to a larger amount of housing equity, this makes borrowing cheaper. Strictly, this role may be given either a credit constraint or a buffer stock interpretation. Housing equity lessens the credit constraint directly by raising the value of the collateral. It also lessens the precautionary saving motive since the household expects that it can raise funds against the housing equity if it ever faces a signi cant adverse shock in the future (Skinner (1993) ; Angelini and Simmons (2005) ). We are not aware of any studies that have looked for a role for housing to in uence the consumption of households in general in this way. (7) The large number of studies that look at direct effects of house prices on consumption, includes a recent study by Attanasio et al (2005) . The paper focuses on contrasting the implications of the view that households might perceive capital gains as real wealth gains with the view that the consumption response re ects changed perceptions of income or productivity. Their results generally favour the latter interpretation. Their approach does not distinguish between groups that are credit constrained (or display excess sensitivity) and a group that does not, in a way implied by the collateral channel. They nd however, that house prices have a larger effect on the consumption of the young. Since credit constraints are more likely to bind on the young that is indirect evidence that capital gains are more important for those that are more likely to be (7) Carroll et al (2003) nd evidence of precautionary saving in response to unemployment risk when the wealth measure includes housing equity but not when it is restricted to nancial assets.
credit constrained.
Policymakers have also debated the role of debt and whether there are limits to the extent to which debt assists consumption smoothing. On one view, debt capacity is limited by already having a large amount of debt on the household balance sheet. One mechanism for this could be a risk premium added by lenders to those already highly leveraged. On an alternative view, debt does not in uence a household's subsequent ability to smooth through any shock (eg, Nickell (2003)).
We also consider these competing hypotheses. The fact that both factors may hold but differ in their intensity according to the level of debt, with debt capacity being restricted when debt is at especially high levels for instance, suggests that the role of debt in in uencing the probability of being credit constrained may be non-linear, even non-monotonic.
Explanations for excess sensitivity
The literature has typically focused on credit constraints as the rationale for any nding of excess sensitivity. Carroll (2001b) argues however, that those studies may equally be interpreted as identifying which households have a stronger precautionary saving motive. Carroll and Kimball (2005) show the formal equivalence of a model with a liquidity constraint and income uncertainty with a model of precautionary saving. It is extremely dif cult to identify separately liquidity constrained households from those saving for precautionary reasons more generally and the two effects interact with one another. An inability to borrow when income is low provides an additional motive for accumulating assets when income is high. Consequently, we prefer simply to indicate which households display greater evidence of excess sensitivity, and to try to establish what characteristics are associated with that propensity.
There are other models which might generate excess sensitivity. Following Garcia et al (1997) we attempt to shed some light on which of these models appear to get more support. In particular we exploit different predictions for whether consumption responds in an asymmetric way to predicted income growth under some of these models of consumption. Under liquidity constraints (or precautionary saving) households are impeded in their ability (or are reluctant) to borrow ahead of rising expected income but not to save ahead of falling income. That implies a stronger response (8) Campbell and Cocco (2005) however nd differently: that house prices are associated with stronger consumption effects on older households. The FES data used by Attanasio et al (2005) and Campbell and Cocco (2005) do not include house price values at the household-level but instead use regional-level house price indices.
to anticipated positive income growth than to negative income growth. In contrast,`rule of thumb' behaviour would seem to suggest a similar response to anticipated rises and falls in income. A further possibility is a speci c form of habits known as`loss aversion' where individuals are especially averse to revising their consumption plans downwards (Tversky and Kahneman (1991) ). In this case, if a household anticipates a downturn in its income, rather than adjust consumption downwards immediately it waits, in the hope that it may not need to. The reaction will be less strong for positive income growth and indeed may be entirely absent from anticipated positive income growth.
3 Estimation and results
Estimation strategy
The switching regression model
We employ a switching regression estimator for unknown regimes, estimated by maximum likelihood. This involves estimation of the standard consumption Euler equation, distinguishing between two groups of households.
where i indexes households i=1,2...N and t indexes years t=1,2,T . y denotes household income and Z is a set of taste shifters, the change in family size, age of the household head and controls for changes in the number of full-time and part-time workers and changes in health status of household members. & t and t are sets of time effects, re ecting aggregate effects on consumption growth, common across households in the two different groups.
(10) A key issue concerns the identi cation of the Group A and Group B households. This is determined according (9) Altonji and Siow (1987) found expected income growth to be insigni cant when their sample was split between households expecting income to grow and those expecting their income to decline. Also looking for evidence of asymmetries Garcia et al (1997) found evidence to support the liquidity constraints interpretation but Shea (1995) favoured the loss aversion model of consumer behaviour.
(10) The time effects will include a role for the policy interest rate, for instance.
to the probit model that allocates a household to one group or the other, given by:
where, as in (4), 8.:/ is the normal cumulative density function, while X is a vector of household characteristics including household income growth, liquid assets, age, educational attainment, marital status, gender and race. Individual-level characteristics refer to the head of household.
The rationales for these terms should be relatively clear but the interpretation is discussed further with the results.
We also highlight the roles of home equity and mortgage debt in determining this propensity.
Since the main means by which households smooth consumption is by borrowing and saving accordingly, that probability can be interpreted as re ecting both lender and household (borrower) behaviour. An interpretation of credit constraints would interpret it as a combination of demand and supply-side in uences in the credit market. For instance, since young households are more likely to want to borrow against a rising income pro le, if there are credit market imperfections then these will be more likely to in uence the consumption-smoothing ability of such younger households. Consistent with Carroll (2001b) , the probability equation can also be viewed as re ecting the varying intensity of the precautionary saving motive according to household characteristics.
One strategy for identi cation is to impose the restrictions a 6 D 0 and b D 0 in the two Euler equations. Alternatively, one may estimate the system unconstrained and make inference about the two regimes by examining the difference in b a and b b : We experiment with both approaches beginning with the latter. The equations in (4) and (5) are estimated jointly by maximising the log-likelihood given by:
8 X i;tC1 C i;tC1 0 (11) In our applications, this is carried out using the BFGS algorithm in Gauss TM :
where .:/ denotes the normal probability density function, z D var .z/ and
A v i;tC1 ; i;tC1 and " i;tC1 ; i;tC1 denote the correlation coef cients between the errors of the probit selection equation, i;tC1 ; and the error terms of the two Euler equations. In this general form, this model is the endogenous switching model described in Maddala (1986) . If it is assumed that v i;tC1 ; i;tC1 D " i;tC1 ; i;tC1 D 0 then this becomes the exogenous switching model used by Garcia et al (1997) .
(12) Below, we employ the general endogenous switching model as our baseline speci cation, but also consider the restricted model.
There are considerable advantages to the switching regression approach over the more common sample-splitting approach, typi ed by Zeldes (1989) . First, it is unlikely that one variable used for sample splitting, such as liquid assets relative to income, will be suf cient to capture the range of in uences that will in uence one's propensity to consumption smooth. Misclassi cation of households into the wrong regime will reduce the power of the tests to discriminate between alternative regimes. Second, this approach generates further results that will be of interest in their own right. This includes generating an estimate of the proportion of households that do not consumption smooth. Third, it acknowledges that there is uncertainty in the classi cation system, a point highlighted by Jappelli et al (1998) .
On asymmetries
If excess sensitivity re ects borrowing constraints or a precautionary saving motive then it suggests the ability of the household to borrow ahead of predicted rising income is impeded, but (12) They argue that this assumption of uncorrelated errors is suitable when examining consumption given that, under the permanent income hypothesis and rational expectations, v i;tC1 and " i;tC1 should be uncorrelated with the sample selection error i;tC1 .
not to save ahead of falling income. This implies an asymmetry in the response to predicted income growth which is absent from a habits and rule-of-thumb model. This consideration is implemented by estimating the following equation:
where the estimating equation now distinguishes between positive (1 ln b y C itC1 ) and negative (1lnb y itC1 ) predicted income growth. This approach is again adopted employing the switching regression method. This allows us to consider whether there is an asymmetry in the form of a stronger sensitivity to positive anticipated income growth for the group identi ed as displaying greater excess sensitivity. Estimation of equation (6) requires values for predicted income growth. This is obtained as the predicted values from the following supplementary regression for income growth.
The set of regressors generally refers to characteristics of the head of the household. Qual is a vector of six educational quali cation dummies, Occ is a vector of nine occupational dummies, which are included both linearly and interacted with the age term in order to allow for different age pro les in income growth by educational attainment and by occupation. B is a vector of personal characteristics, that is dummy variables for whether the household head is male, white and married or cohabiting. it is the error term.
The data
This study employs microdata on UK households from the British Household Panel Survey for the years 1992 to 2002. The BHPS consists of an annual, panel-based survey of approximately 5,500 households in Britain, that began in 1991. The data provide detailed information on employment, education, income and demographic characteristics of households but also contains some information on consumption and the household balance sheet in terms of mortgage debt, a (self-reported) estimated value of the home and outstanding mortgage debt. The data on consumption are imputed using the approach of Skinner (1987) given the relationship between food (actually reported in the BHPS) and total (less housing) expenditures in the Family (13) The use of a generated regressor in this way is likely to bias downwards the standard errors in our results. As in Garcia et al (1997) we make no allowance for this.
Expenditure Survey. (14) Further details are provided in the data appendix.
Summary statistics for the main variables of interest are presented in Table 1 . Average annual real consumption growth is 0.010 (ie, 1%) and is subject to a large standard error (0.200) with substantial variation across households, although part of that will re ect measurement error.
Average (real) income growth over the period is 0.039 (3.9%) and also varies greatly across households. The average loan to value ratio is 0.342 indicating that households typically have quite large amounts of equity in their home, although that includes households with no home equity and no debt. Likewise, on average a household has 1.6 times its annual income in net housing equity and less than its annual income in outstanding debt. Average capital gains on housing are quite high, at 21% of annual income, and with substantial variation across households.
During the sample period, the UK housing market experienced quite signi cant swings in house price in ation. In the early 1990s the market was somewhat depressed with negative nominal house price in ation and a protracted period of recovery followed, up to the mid-1990s. In the late 1990s and early 2000s, the market was supported by reductions in unemployment to a low and stable level alongside reductions in nominal and real interest rates. By the end of the sample period, national house price in ation exceeded 20%.
Estimation results
We discuss the results rst in terms of the evidence on excess sensitivity and then in terms of the probability of being in the two different groups of households. The four speci cations reported in Table 2 consider three different de nitions of the income term for the excess sensitivity test and an alternative de nition of the liquid assets term.
Excess sensitivity
In terms of the excess sensitivity tests, our two key ndings are the following. First, there is evidence of excess sensitivity in only one of the two regimes. This suggests that regime consists of a group who fail to consumption smooth, but outside of that group, households consumption smooth very effectively in the sense that they do not display excess sensitivity. Second, this nding is robust to the two de nitions of income, whether in differences or in levels and at different lags.
In column 1 the level of income, dated t 1, is considered in the Euler equation. In the rst group -which we refer to as the excess sensitivity group -the coef cient (standard error) is -0.013 (0.005) while in the second, consumption smoothing, group the income term is insigni cant with a coef cient (standard error) of 0.000 (0.003). The presence of credit constraints or buffer stock saving implies that consumption growth should be higher than otherwise and in the excess sensitivity group consumption growth is negatively related to lagged income as households are better able to smooth consumption across periods (see also Zeldes (1989) for further discussion).
The negative coef cient on lagged income and the positive coef cient for lagged income growth in the excess sensitivity group of households are consistent with earlier ndings (eg, Zeldes (1989) and Attanasio and Weber (1993) , respectively).
Propensity for excess sensitivity
The bottom panel of the table shows estimates for the propensity of the households to be in the excess sensitivity group. These are marginal effects giving the effect on the probability of being in Group A for a unit change in the explanatory variable (or a discrete change for the dummy variables). Our estimates indicate that the probability of excess sensitivity is higher for those with fewer liquid assets relative to their income, for the young, for the unmarried, for those from ethnic minorities and for those that possess a degree quali cation.
The propensity for excess sensitivity is estimated to be unrelated to income growth. In principle, it is future expected income growth that should raise the probability of excess sensitivity, either because such households are more likely to want to borrow or because this effectively raises the degree of impatience (Carroll (2001b) ). The positive effect of a degree quali cation, which may raise future expected income growth, might be explained by this mechanism. (15) We interpret the effect of a higher education quali cation to be through its impact on the income pro le and thereby on the demand for credit. In contrast, further education quali cations (speci cally, A-levels) are negatively related to the probability of excess sensitivity, relative to a household head with neither of these as his/her highest academic quali cation.
(15) See Lopes (2003) for a model of consumption, borrowing and default which highlights these characteristics.
Column 1 considers an asset income term relative to household income; it is on the margin of signi cance at the 5% level and suggests that larger amounts of asset income, and liquid assets, relative to current income lower the probability of excess sensitivity. Since asset income is likely to be measured with signi cant error, we also consider a dummy variable for any positive asset income (y W > 0) which is more highly signi cant. It suggests that having asset income lowers the probability of excess sensitivity by 0.07 (column 2) to 0.10 (columns 3 and 4). This follows from concavity of the consumption function (being concave in the level of`cash-on-hand' or current labour income plus liquid assets) which arises under liquidity constraints or precautionary saving behaviour. In a model of liquidity constraints this would re ect the fact that having liquid assets lowers the likelihood of facing the constraint; in a precautionary saving model, the concavity of the consumption function is caused by households with lower levels of assets depressing their consumption to a greater extent. The interactions between liquidity constraints and precautionary saving behaviour are examined in detail by Carroll and Kimball (2005) . They emphasise the similarity in predictions of the two types of model.
Moving from someone aged 25 to someone aged 50 is associated with a reduction in the predicted probability of being in the excess sensitivity group of around 0.25, controlling for the other characteristics. There are again different ways of interpreting this depending on the favoured explanation for excess sensitivity. Under liquidity constraints, it re ects the fact that at younger ages, with a rising earnings pro le in age, there is a greater desire to bring consumption forward and hence a greater likelihood of having one's consumption in uenced by the presence of the credit constraint. Under buffer stock saving it re ects the fact that the young remain in the process of accumulating their buffer stock to weather emergencies.
The race variable, whether the household head is white or not, is also signi cant. The probability of excess sensitivity increases by around 0.10 for non-white households. Some previous studies of US credit markets have found evidence that non-whites face tighter debt limits, that they are more likely to be credit constrained and that this has consequences for their rate of homeownership Rosenthal (1992, 1993) ). But there are other interpretations of the signi cant race differential, such as different income pro les, and by itself it cannot be plausibly interpreted as evidence of discrimination in credit markets. There is no strong evidence, in the results in Table 2 , that homeownership matters. We explore the role of housing and debt further below.
Using the proportion of households whose predicted probability of being in the excess sensitivity group exceeds a 0.5 cut-off point, our estimates indicate that 20% of UK households display excess sensitivity. These households account for around 14% of aggregate consumption and a similar proportion of income. That compares to estimates for the United States, by Jappelli (1990) who found that around 20% of households are credit constrained, by Jappelli et al (1998) whose main estimates indicated that between 6% and 24% of households were credit constrained, and by Garcia et al (1997) that a higher percentage, around 40% of households, were in the excess sensitivity group. The distribution of predicted probabilities of being in the Group A sample in our results is shown in Figure A . An alternative criterion for the percentage that are liquidity constrained is simply the mean predicted probability. On that de nition close to 40% of households are liquidity constrained.
In columns 1 and 2 the estimate of v i;tC1 ; i;tC1 (labelled 1 ) is signi cant while that of " i;tC1 ; i;tC1 ( 2 ) is not. This suggests that the endogenous switching model is to be preferred over the exogenous switching model, although in columns 3 and 4, 1 is not signi cant. We also consider the exogenous switching model results as a robustness check. The results from the Euler equation
were qualitatively very similar to the endogenous switching model and so, for brevity, they are not reported.
(16)
Housing equity, debt and consumption smoothing
The coincidence of housing and consumption booms in the United Kingdom and elsewhere has motivated much research on the links between the housing market and consumption. Much of this correlation at the aggregate level is likely to re ect both variables being driven by other factors, in particular, income expectations (King (1990) ). Among the most likely causal explanations for a housing market-consumption link is for reasons of housing acting as collateral. A rise in house prices and therefore in home equity may improve the terms on which credit can be obtained, facilitating consumption smoothing. But to date there is little evidence on whether this channel operates in practice. Home equity loans in the United Kingdom have grown in importance since the mid-1980s, although they are less common among mortgage holders than in the United States.
During the sample period 7% of the households in the sample withdrew home equity.
(16) We also re-estimated models using food consumption as our measure of consumption. The results were very similar.
Alongside the debate concerning housing equity and consumption has been a debate on debt.
Mortgage debt has grown considerably in the United Kingdom over the past decade. It seems natural to ask, how is debt related to a household's ability to smooth consumption? (17) We shed light on both issues by including nancial ratios in the probability equation, reported in Table 3 . We allow roles for the loan to value, housing equity to income and debt to income ratios, considered as both quadratic terms and with dummies for different threshold effects in these variables. Additionally, we consider whether capital gains on housing enter directly into the Euler equation and how this differs between the excess sensitivity group and the group that does not display excess sensitivity. In the model of Iacoviello (2004) an increase in house prices should lead constrained households to bring forward consumption while for the unconstrained group it should have no effect through this collateral channel.
We nd evidence that housing equity and debt matter for the likelihood that a household displays excess sensitivity. Consider housing equity rst (Table 3 ). The linear loan to value ratio term, ltv, is negatively signed while the quadratic term is positively signed; both are statistically signi cant.
The likelihood of excess sensitivity is declining in the loan to value ratio up to a value around 0.50 beyond which it increases. At low levels of debt relative to equity, higher levels of debt are associated with improved consumption smoothing and a lower likelihood of excess sensitivity. In terms of home equity, for those households with low to moderate amounts of equity in the home (between zero and 50%), increases in equity relative to debt are associated with a lower probability of displaying excess sensitivity.
When considering the role for housing equity relative to income (H W=Y ), the non-linearity is picked up better by considering different dummy variables for different levels of housing equity. (18) There might be special interest in a role for negative equity with such households having higher probabilities of being credit constrained, although only 2.2% of household-year observations fall into this category. There is again some evidence of higher levels of housing equity lowering the probability of excess sensitivity, although this effect is absent for especially high levels of equity. The term for negative equity (H W=Y < 0) is almost signi cant, relative to the base group of no housing equity; Having larger positive amounts of home equity signi cantly (17) Mortgage debt may be related to consumption because the household has withdrawn housing equity (see Angelini and Simmons (2005) for a model of this kind).
(18) For brevity we do not report the results which considered this variable as a quadratic.
lowers the probability of being in the excess sensitivity group relative to having negative equity:
the coef cient on the dummy for home equity between one and two times annual household income is signi cantly different from that on the dummy for negative equity at the 5% level ( 2 .1/ D 5:02I p value D 0:024/: (19) At higher levels of home equity its role becomes insigni cant. Why housing equity should not be related to the probability of consumption smoothing for those with especially high levels of equity is not clear. A preliminary analysis of those households (ie with H W=Y > 5) suggests these tend to be older households with relatively low levels of income. It may be that these households have a strong bequest motive for their housing, making them reluctant to use the equity to smooth consumption, and the xed transactions costs in accessing that equity may be higher relative to their (lower) income level.
The debt variable, D=Y; also displays a non-linear relationship with the probability of excess sensitivity. (20) Low levels of debt are likely to, in part, re ect lack of access to credit or the costlier terms on which such credit is offered. More interesting is the nding that beyond a certain point, estimated at around twice annual income, further increases in debt become associated with a rising probability of being in the excess sensitivity group. That might re ect an increased likelihood of facing a credit constraint -including a`self-imposed' credit constraint associated with a reluctance to take on more debt. This suggests that there are limits, either on the demand or supply side of the credit market, to the ability of debt to facilitate consumption smoothing.
In column 4, we extend our Euler equations by adding a role for the change in housing equity relative to income in a model otherwise identical to that in Table 3 column 2. This speci cation is restricted to those households that have not moved home in the past year. The capital gain to income ratio term .1H W itC1 /=Y it is signi cant for the Group A (`excess sensitivity') households for whom the term attracts a`t-ratio' of 2.7, and is insigni cantly different from zero for the Group B households. This suggests that capital gains on housing, providing housing equity that can then be borrowed against on more favourable terms, are associated with supporting consumption for households that would otherwise be`credit constrained'. The point estimate suggests that for that group of households, capital gains on housing equal to annual income would raise the growth rate of consumption by 2.0 percentage points, greater than the average rate of real (19) Our nding that housing equity or collateral lowers the likelihood of being in the excess sensitivity group is related to a nding of Lustig and Van Nieuwerburgh (2004) on the role of housing collateral across US regions. They nd that in regions where housing collateral is high, the correlation between the region's consumption growth and income growth is lower. (20) A quadratic term picks this up better than separate dummy variables. consumption growth. But it has no effect on the consumption of households that are more effective in smoothing their consumption and do not display excess sensitivity.
Monetary Policy Committee discussions have noted that the reduced-form relationship between consumption and house prices has recently appeared weaker than in earlier periods.
(21) There are various channels through which house prices can in uence consumption, notably the collateral channel, and common determinants of both housing demand and consumption. The weakening in the overall relationship could re ect a weakening in the collateral channel but could alternatively re ect a change in the in uence of other factors, such as income expectations.
Asymmetric effects
In Table 4 we estimate the Euler equations in our switching regression framework and include a role for asymmetric responses to predictable income growth. Column 1 reports a model that includes the symmetric change in predicted income based on demographic characteristics of the household as in (7). If the permanent income hypothesis holds, then under rational expectations predicted income should be insigni cant for both types of consumers. In column 2 we investigate asymmetries in responses to positive and negative predicted income growth (based on (6)).
Consumption models with a liquidity constraint predict a stronger (positive) response of consumption growth to positive predicted income growth than to negative income growth since it affects a household's ability to borrow against future expected income growth but not to save ahead of future expected income reductions. That would also be expected in a buffer stock saving model as such behaviour re ects a`self-imposed' liquidity constraint. Therefore we would expect 1 ln b y C i;tC1 to have a larger effect than 1 ln b y i;tC1 and especially so in the Group A households. We nd that the effect of predictable income growth is more positive for the group that displays greater excess sensitivity, with a coef cient over four times as large as for the Group B households. The point estimates in column 2 suggest that the Group A households react signi cantly more strongly .
2 .1/ D 5:11I p value D 0:024/ to 1 ln b y C it than 1 ln b y it , consistent with the liquidity constraints or buffer stock saving explanation for excess sensitivity.
Estimates for Group B households are instead consistent with loss aversion. For those households, the impact of positive predicted income growth is signi cantly larger than the effect of negative The study has found evidence of excess sensitivity of consumption to income for one set of households but none for a second, larger, group of households. We nd that the young, those without liquid assets, those from ethnic minorities and the degree-educated are signi cantly more likely to display excess sensitivity. The source of this excess sensitivity is unclear but a plausible explanation is that it re ects the combined effects of liquidity constraints and precautionary saving behaviour. We estimate that 20%-40% of UK households fall into the excess sensitivity group.
Our other major contribution has been to explore the roles of housing equity and debt in facilitating consumption smoothing. We nd that negative home equity increases the likelihood of displaying excess sensitivity. Additionally, a role for capital gains on housing enters directly into the Euler equation for consumption of the excess sensitivity group of households -households that might otherwise be credit constrained -but is absent from the second, larger group of households that do not demonstrate excess sensitivity. Our results suggest housing ful ls two roles and these govern its links with consumption. First, housing equity acts as a buffer. Having home equity improves a household's ability to smooth consumption since it has an option of withdrawing the equity and supporting its future consumption should the need arise. Second, housing acts as collateral, improving the terms on which credit may be obtained for those that would otherwise be liquidity constrained.
Monetary Policy Committee discussions have noted that the reduced-form relationship between consumption and house prices has recently appeared weaker than in earlier periods. (22) There are various channels through which house prices can in uence consumption, notably the collateral channel, and common determinants of both housing demand and consumption. The weakening in the overall relationship could re ect a weakening in the collateral channel but could alternatively re ect a change in the in uence of other factors, such as income expectations. 
Data appendix
One issue which has arisen in household-level studies of consumption is that the typical measure of consumption is food consumption. Use of food consumption data requires an assumption of separability in the utility function between food and other consumption. This is unlikely to hold.
But the use of food consumption as the measure of consumption applies to the studies by Hall and Mishkin (1982) , Zeldes (1989) , Jappelli et al (1998) among others.
Food is the most general measure of consumption available in the BHPS. However, we address the issue of employing a broader measure by using a second household-level data set, the Family Expenditure Survey (FES) which we use to relate total, non-housing, to food expenditure and a set of other demographic characteristics; we then impute a value for total expenditure by each household into the BHPS. This procedure follows Skinner (1987) and has recently been applied in US studies of consumption behaviour by Parker (1999) and Palumbo (1999) . The following regression is estimated on FES data ln c total it
where`i' indexes households, i=1,2. . . N and t years, 1991, 1992. . . 2001. c .total/ is weekly total expenditure excluding that on housing, c . f ood/ is household weekly food expenditure and X is a vector of household-level demographic variables given by the number of adults and children in the household, age of the household-head and his/her education level.
Estimating this function by least squares for FES data for 1991 to 2001 generates coef cients relating total expenditure to food consumption and these demographic variables. Given the same variables in the BHPS we can apply estimates of equation (8) to these variables and thereby impute a value for total expenditure for each household in the BHPS over the period 1992 to 2002. Marginal e f f ects Notes: As for Table 2 . Probability equation also includes a constant term, household income growth, a dummy for any interest-bearing liquid assets, log age, married, non-white, male and education dummies (2). Speci cations also include the full set of controls and probit equation shown in Table 3 . 
